INTRODUCTION
Extremely low birth weight (ELBW <1000 g) premature infants who populate intensive care nurseries today often receive such overriding attention to their acute respiratory illness that appropriate attention to certain other ''adjunctive'' needs, like adequate nutrition, is often delayed. As a consequence, ill newborns may experience periods of moderate to severe undernutrition during the most acute phase of their respiratory problems. The outcome for these ELBW infants may be influenced by the intensity and length of the period of less-than-adequate nutrition. These ELBW infants, born before any appreciable caloric reserves, are normally deposited in the human fetus, are totally dependent on sufficient exogenous calories to continue the work of breathing, growing and tissue repair. The challenge of optimal early nutrition is appreciated when one considers that the rate of weight gain in the fetus between 26 and 36 weeks of gestation is greater than at any other time in the normal human lifespan. This growth involves cell division as well as cell enlargement. It is possible that some organs (especially the central nervous system) have critical periods for the accomplishment of cell division. Any advantages that can be afforded to these infants by optimal nutritional support could have a determinate effect on their clinical outcome.
The growth of these infants lags considerably after birth. 1 These ELBW infants do not regain birth weight until 2-3 weeks of age. The growth of most ELBW infants proceeds at a slower rate than in utero, often by a large margin.
1,2 While many of the smallest ELBW infants are also born small for gestational age (SGA), appropriate-for-gestational-age (AGA), ELBW, and SGA infants develop extrauterine growth retardation (EUGR). Figure 1 , from the NICHD Neonatal Research Network, demonstrates the differences between normal intrauterine growth 1 and the observed rates of postnatal growth in the NICHD study. For each gestational age category, the postnatal study growth curve was shifted to the right of the reference curve.
1 Therefore, this ''growth deficiency'' is common in ELBW infants. Nutrient intakes received by ELBW infants are lower than the uptakes by the fetus, and this intake deficit persists throughout much of the infants' stay in the hospital and beyond.
2 While non-nutritional factors are involved in the slow growth of ELBW infants, 3 nutrient intakes are low and critical in explaining the poor growth. There is considerable evidence that these early growth deficits have long-lasting effects, including short stature and poor neurodevelopmental outcomes. 4 Achieving positive energy balance safely should be the first priority in managing such infants. Clinical reluctance to attempt this enterally includes concerns involving immaturity of the gastrointestinal tract, severe medical problems like respiratory distress syndrome with the need for assisted ventilation, and fear of necrotizing enterocolitis (NEC). This often-devastating disease, which is thought to be precipitated by enteral feedings and a variety of other factors, 5 occurs in more than 10% of infants in some nurseries and as few as 1 to 2% in others. 6 We are now at a juncture to evaluate two key early nutritional strategies that begin in the first hours and days of life in these ELBW infants. First, the use of higher rates of neonatal amino-acid intakes and the integration of minimal amounts of enteral feedings begun early to prepare and maintain intestinal function until advancement toward full enteral nutrition is possible.
Early Postnatal Intravenous Amino-Acid Administration As immaturity of the gastrointestinal tract in these ELBW infants precludes substantive nutritional support from enteral nutrition, nearly all of those infants are supported with parenteral nutrition (PN). From a nutrition point of view, the liberal use of PN has been a huge success, particularly in the ELBW infant.
Until recently, the initiation of PN has been delayed by a number of days. Reasons for this delay have not been clear, but probably have been related to ELBW infants' ability to catabolize amino acids and, in general, concerns about ''tolerance'' in the first days of life in critically ill infants. 6 This reluctance is often based on the report of azotemia, hyperammonemia, and metabolic acidosis seen in infants who received the early protein hydrolysate solutions. 7 Elevated BUN concentrations are often cited as the predominant reason for limiting amino-acid intake.
An understanding of fetal nutrition may be helpful in designing postnatal strategies in ELBW infants. At 70% of gestation, there is little fetal lipid uptake and fetal energy metabolism is not dependent on fat until early in the third trimester, and then it increases only gradually toward term. Glucose is delivered to the fetus from the mother generally at a rate that matches fetal energy expenditure. The human placenta actively transports amino acids into the fetus and animal studies indicate that fetal amino-acid uptake greatly exceeds protein accretion requirements. Approximately 50% of the amino acids taken up by the fetus are oxidized and serve as a significant energy source. Urea production is a byproduct of amino-acid oxidation. Relatively high rates of fetal urea production are seen in human and animal fetuses as compared with the term neonate and adult, suggesting high protein turnover and oxidation rates in the fetus. Therefore, a rise in blood urea nitrogen which is often observed after the start of PN is not an adverse effect or sign of toxicity. Rather, an increase in urea nitrogen is a normal accompaniment of an increase in the intake of amino-acids or protein.
A number of studies in preterm infants have demonstrated that infusion of amino acids as early as the first day of life have resulted in a positive nitrogen balance. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Many of these studies have shown that an amino-acid intake of between 1.5 and 2.0 g/kg/day, when given with Z30 kcal/kg/day of non-protein calories, is sufficient to avoid negative nitrogen balance in neonates. 12 With the goal of replicating intrauterine protein accretion rates, aminoacid intakes are estimated to be 3.5 to 4.0 g/kg/day particularly for ELBW infants <1000 g. 13, 14 A strong argument for the early aggressive use of amino acids is the prevention of ''metabolic shock.'' Concentrations of some key amino acids begin to decline in the ELBW infant from the time the cord is cut. This metabolic shock may trigger the starvation response, of which endogenous glucose production is a prominent feature. Irrepressible glucose production may be the cause of the so-called glucose intolerance that often limits the amount of energy that can be administered to the ELBW infant. It is noteworthy that Rivera et al. 19 made the surreptitious observation that glucose tolerance was substantially improved in the group receiving early amino acids. Early amino acids may stimulate insulin secretion, consistent with the notion that forestalling the starvation response improves glucose tolerance.
Amino acids are administered in our unit within hours after delivery, a desirable protein-to-energy ratio of 25 kcal/g for every gram of protein/kg or 2 to 3 mg/kg/minute of glucose. Recently, 4 g/kg of protein initiated after delivery has been reported as safe with no evidence of metabolic acidosis, hyperammonemia, or azotemia. 20 
Initiation and Advancement of Enteral Feedings
The timing of the initial feedings for the preterm infant has been debated for nearly a century 21 and remains controversial. As suitable PN solutions designed for neonates became available, many physicians chose to use PN alone in the sick, ventilated, preterm infant because of concerns about necrotizing enterocolitis (NEC). Total PN was thought to be a logical continuation of the transplacental nutrition the infants would have received in utero. However, this view discounts any role that swallowed amniotic fluid may play in nutrition and in the development of the gastrointestinal tract. In fact, by the end of the third trimester, the amniotic fluid provides the fetus with the same enteral volume intake and approximately 25% of the enteral protein intake as that of a term, breast-fed infant. 22 PN does little to support the function of the gastrointestinal tract. Studies in animals deprived of enteral substrate despite being maintained in an anabolic state with PN showed that intraluminal nutrition was necessary for normal gastrointestinal structure and functional integrity. 23, 24 Enteral feedings have both direct trophic effects and indirect effects secondary to the release of intestinal hormones. Lucas et al. 25 demonstrated significant rises in plasma concentrations of enteroglucagon, gastrin and gastric-inhibiting polypeptide in preterm infants after milk feeds. Similar surges in these trophic hormones were not seen in intravenously nourished infants.
Clearly, one of the important benefits of using PN is that it allows feedings to be advanced slowly, which probably increases the safety of enteral feedings. However, how neonatologists feed ELBW neonates has traditionally been based on local practices and not subjected to rigorous scientific investigation 26 because of the prevailing fear of NEC.
In addition, regardless of feeding strategy, the advancement of feedings is based on evidence of intolerance based on increased pregavage residuals or greenish aspirates. According to Ziegler, gastric residuals are very frequent in the early neonatal period and are virtually always benign, that is, not associated with NEC. 27 A 2002 study 28 demonstrated that in ELBW infants, excessive gastric residual volume (GRV) either determined by percent of the previous feed or an absolute volume (>2 or >3 mL) did not necessarily affect feeding success as determined by the volume of total feeding on day 14. Similarly, the color of the GRV (green, milky, clear) did not predict feeding intolerance.
28 Nonetheless, the volume of feeding on day 14 did correlate with a higher proportion of episodes of zero GRVs and with predominantly milky gastric residuals. Thus, isolated findings related to gastric emptying alone should not be the sole criteria in initiating, advancing, or withholding feeds. Stooling pattern, abdominal distension, and the nature of the stools should also be considered. 29 The etiology of NEC remains unclear. As NEC rarely occurs in infants who are not being fed, feedings have come to be seen as the cause of NEC. The association between feedings and NEC is likely to be explained by the fact that feedings act as vehicles for the introduction of bacterial or viral pathogens or toxins. They are more likely to survive the gastric barrier because of low acidity against which the immature gut is poorly able to defend itself. Efforts aimed at minimizing the risk of NEC have focused on the time of introduction of feedings, on feeding volumes and on the rate of feeding volume increments. One by one, the strategies that had been developed with the aim of reducing the risk of NEC were shown to be ineffective and unnecessary. Yet these strategies linger today and distract neonatologists from concentrating on the real challenge, which is the continued growth faltering that ELBW infants so often show.
One of the main strategies intended to reduce the risk of NEC involved the withholding of feeding for prolonged periods. 30 Although it was never shown that the prolonged withholding of feedings actually prevented NEC, some form of the strategy was widely adopted in the 1970s and 1980s. The withholding of feedings eventually came under scrutiny and was compared in a number of controlled trials with early introduction of feedings. 31 A systematic review of the results of published trials 31 concluded that early introduction of feedings shortens the time to full feeds as well as the length of hospitalization and does not lead to an increase in the incidence of NEC. A controlled study involving 100 ELBW infants 32 confirmed these findings and found, in addition, a significant reduction of serious infections when feedings were introduced early. Thus, delayed introduction of feedings is now known to have no beneficial effects, for example, reduction in incidence of NEC, and to have substantial negative effects.
Another strategy aimed at preventing NEC has been to keep the rate of feeding increments low. The strategy was based on the findings of Anderson and Kliegman, 33 who, in their retrospective analysis of 19 cases of NEC, found that in infants who went on to develop NEC, feedings were advanced more rapidly than in control infants without NEC. Based on these findings, they recommended that feedings not be advanced by more than 20 ml/kg each day. 33 This recommendation has found wide acceptance, although its validity has not been confirmed. In the only prospective randomized trial, Rayyis et al. 34 compared increments of 15 ml/kg/ day with increments of 35 ml/kg/day. They found, as was to be expected, that with fast advancement, full intakes were achieved sooner and weight gain set in earlier. But there was no difference in the incidence of NEC. Whether it protects against NEC or not, limiting feeding increments in ELBW infants to 20 ml/kg/day is an acceptable and not unduly onerous practice. It still permits achievement of full feedings in the reasonable period of about 8 days.
With the earlier introduction of enteral feedings, particularly in ELBW infants who are ventilator dependent and require invasive monitoring, the issue of safety of initiating enteral feedings while an umbilical artery catheter (UAC) is still in place must be considered. 35 The presence of a UAC has been associated with an increased risk for NEC, 36 and it is a common nursery policy to delay feedings until catheters are removed. However, few data from controlled studies support this policy. Davey et al. 36 examined feeding tolerance in 47 infants weighing less than 2000 g at birth who had respiratory distress and UACs. Infants were assigned randomly to begin feedings as soon as they met the predefined criterion of stability, or to delay feeding until their UACs had been removed for 24 hours. Infants who were fed with catheters in place started feeding significantly sooner and required half the number of days of parenteral nutrition. The incidence of NEC was comparable for infants fed with catheters in place and those whose catheters were removed before initiation of feedings. 36 In addition, multiple large epidemiologic surveys 5, 37, 38 have not shown a causeand-effect relationship between low-lying umbilical artery catheters and NEC.
The decision of when to start these early enteral or trophic feeds may be influenced by what milk is available to feed the infant. Lucas and Cole, 39 in a multicenter feeding trial involving almost 1000 preterm infants with birth weights less than 1850 g, demonstrated that the incidence of confirmed NEC was six times greater in formula-fed infants than in those receiving human milk. In addition, NEC was rare for infants greater than 30 weeks gestation who were fed human milk, but this was not the case for formula-fed babies. A delay of feeding in the formula-fed group was associated with a reduced risk of NEC, whereas the use of early human milk feedings had no correlation with the occurrence of NEC. Therefore, strategizing when to initiate feeds for individual patients should take into account individual risk and the milk available for the patient.
A recent study evaluated the risk of NEC between infants fed the minimal enteral volumes for a prolonged time versus those fed volumes that are increased slowly from the start. 40 One group was fed 20 ml/kg/day for the first 10 study days (minimal), while the other (advancing) was fed 20 ml/kg/day and was increased by 20 ml/kg/day up to 140 ml/kg/day. The study was closed early because seven infants who were assigned to advancing feeding volumes developed NEC, whereas only one infant fed minimal volumes did, or 10 versus 1.4%. 40 Does gut stimulation protect against or contribute to the development of NEC? Regardless, the study reinforces previous conclusions that gut stimulation protocols are beneficial to ELBW infants.
Feedings should be started within the first days of life. A frequently encountered problem is that breast milk takes at least 2 days to come in and can take up to 5 days. During that time, only small amounts of colostrum are available, which is very valuable and must be fed. Gastric residuals should not be allowed to interfere with feeding. Initial feeding volumes should be kept low (1 to2 ml/feed), as should the frequency of feeding (every 3 hours). Feeding volumes should be increased slowly. Increments should be about 20 ml/kg/day when a decision is made to advance feedings.
For the lowest birth weight (<750 g) infants on life support and invasive monitoring, one may introduce trophic feedings with 1 ml/feed every 8 hours for a few days and then proceed as above. Each nursery should establish the criteria of stability to be reached before such feeds are initiated. These may include normal blood pressure and pH, and oxygen saturation Z12 hours from the last surfactant or indomethacin dose, normal gastrointestinal exam, heme-negative stools, and under two desaturation episodes per hour to less than 80%. 36 The aggressive strategies for early nutrition described in this review are aimed at minimizing the interruption of nutrient intake that occurs with premature birth. These two strategies should enhance the overall nutritional health of the ELBW infant as evidenced by less postnatal weight loss, an earlier return to birth weight and improved overall postnatal growth and outcome.
